A study was made on the domestic kitchen waste and night soil treatment performance of a fullscale sludge treatment plant. The sludge treatment at this plant was by thermophilic methane fermentation. The initial treatment, mesophilic to thermophilic fermentation, was able to be started up within a short time by adjusting the amount of influent waste. Thermophilic methane fermentation was carried out for five months (May-October) and the performance under a mean residual time of 22 days indicated a VTS decomposition of 42%, gas generation of 54-1,610 m 3 /day (average: 755 m 3 /day), and a mean methane concentration of 60%. The methane gas was used to generate power in the plant and the amount of power generated by methane gas was highest in October (average of 1,200 kWh/day). This was equivalent to about 7% of the power consumed at the entire sludge treatment plant. The BOD/NH 4 -N of the activated sludge influent water was lower, compared to a case where there is no recycle flow, due to the recycle flow from the methane fermentation process. There was, therefore, a tendency for an increase in the amount of methanol charged into the secondary denitrification tank. However, the quality of the effluent was satisfactory (BOD< 10 mg/L, SS< 5 mg/L, and T-N< 25 mg/L). Study results indicated that it was possible to implement a full-scale plant for recovering organic waste.
Introduction
Demand is rising in Japan today for the implementation of a waste recovery type infrastructure which includes the recovery and reuse of discarded organic waste. In 1977, the Japanese government introduced a plan for sludge recovery. According to this plan, night soil/septic tank sludge would be mixed with domestic kitchen waste, the energy recovered by methane fermentation and by-product compost used as fertilizers. This plan centered on resource recovery. As for methane fermentation of organic waste, filtrate and other wastewater resulting from this process is currently being post-treated depending on the water quality standards of discharged wastewater in most regions (Japanese Government, 1997; Yoneyama et al., 1999; JEFMA, 2000) .
In such background, Japan's first full-scale sludge recovery plant, designed for energy recovery by methane fermentation, started operation in January 2000 at Joetsu City, Niigata Prefecture (Takeno, 2000) . The treatment capacity of this plant is 70 kL/day of night soil, 170 kL/day of septic tank sludge, and 8 tons/day of domestic kitchen waste. The following introduces the full-scale sludge treatment/recovery plant and discusses results of methane fermentation, as well as the effects of return water (dewatering filtrate) on post-treatment. Figure 1 shows the treatment flow of the sludge treatment recovery plant.
Description of the plant

Pretreatment
The phosphorus and SS in the night soil and septic tank sludge were coagulated (thickened) by pretreatment which used aluminium sulfate and polymer, the output from which were thickened sludge cakes and separated water. As for the pretreatment of domestic kitchen waste, a crusher/separator was used and non-biodegradable waste such as plastics were separated.
Methane fermentation
Thickened night soil sludge and separated domestic kitchen waste underwent thermophilic fermentation in a methane fermentation tank (effective capacity: 900 m 3 ), residual time of 16 days. Generated gas was desulfurized, converted into electricity by a 200 kW power generator and the electricity used inside the plant. Sludge from the methane fermentation was dewatered by a screw press and the dewatered cakes dried until their moisture content reached about 40%. Part of the cakes were set aside to be used as fertilizer and the rest was sent to a gasification melting furnace, turned into slag and set aside to be used as building material and such like.
Post-treatment
The filtrate from the methane fermentation dewatering process, containing ammonia and BOD, was transmitted as the recycle flow of the wastewater treatment system. This recycle flow, as well as the separated water from the pretreatment of night soil and septic tank sludge, was sent to a post-treatment process (high-load night soil treatment by membrane filter, activated carbon treatment). The post-treated effluent was discharged. Figure 1 Flow sheet of sludge pretreatment center Table 1 shows the characteristics of the night soil sludge and the sludge at the outlet of the mixing tank (separated kitchen waste whose concentration was controlled by heated water). Mean values indicated TS 7.7% and VTS 6.1% for night soil sludge; TS 12.8% and VTS 10.9% for mixed tank outlet sludge. As the dilution multiplying factor was 1.2-fold, TS 15% and VTS 13% were assumed for the separated kitchen waste.
Startup of thermophilic fermentation from mesophilic fermentation Figure 2 shows changes in the temperature and generated gas amount in the methane fermentation tank. The seed sludge was mesophilic anaerobic digested sludge from an existing night soil treatment facility. Therefore, a switchover from mesophilic to thermophilic fermentation had to be made. From March 7 to March 10, 2000, domestic kitchen waste (up to 12.8 m 3 /day) and precoagulated sludge (18-48 m 3 /day) were mesophilically fermented and about 1,000 m 3 /day of gas was obtained during this time. From March 8, the temperature was raised 1°C per day. The amount of generated gas started decreasing when the temperature in the methane fermentation tank reached 45°C. As organic acid was found in the methane fermentation tank after that, the input of domestic kitchen waste was stopped and the organic load controlled. The temperature in the methane fermentation tank reached 50°C on March 18 and the amount of generated gas in the same showed increase after ten days. The charging of domestic kitchen waste was resumed from April 4. By April 6, the amount of generated gas exceeded 1,000 m 3 per day and a maximum amount of 2,136 m 3 per day (methane gas: about 60%) was reached on April 20. Figure 3 shows results of a methane fermentation batch test for the methane fermentation tank mixed liquor for the time during which a switchover was made from mesophilic to thermophilic fermentation. The mixed liquor extracted on April 15 (the seventh day following the switchover) indicated that it had taken about 26 days for the amount of generated biogas to increase. The startup of biogas generation quickened after that and there was no occurrence of lag phases in the mixed liquor since March 26 (18 days following the switchover). This result and the tendency for the generation of gas to increase in the fullscale plant matched well, indicating an active propagation of methane bacteria under a thermophilic condition. The results of the on-site batch test confirmed that these results could be used as an index for the time of fermentation startup by the full-scale plant. It was assumed that thermophilic methane fermentation had started up from the above results.
Methane fermentation performance during steady operation
The methane fermentation performance between May and October, the period of thermophilic fermentation during which the mean residual time was 22 days, the effluent VTS was 2.7-6.4% (average of 3.7%) versus influent VTS of 3.2-8.7% (average of 6.4%) (methane fermentation sludge was calculated from the characteristics and amount of both night soil sludge and sludge extracted at the outlet of the mixing tank). The mean VTS decomposition was 42%, the amount of generated gas was 54-1,610 m 3 /day (average of 755 m 3 /day), and the mean methane gas concentration was 60%. Figure 4 shows monthly changes in the VTS, generated gas and power generated by the gas. The amount of methane gas generated per influent VTS was 0.12-0.2 (Nm 3 methane/ influent VTS kg). There was a tendency for the generation of methane gas to increase along higher domestic kitchen waste proportions versus the entire amount of influent waste and sludge. Power generation using the generated gas yielded 600-1,200 kWh/day around August due to fluctuation caused by the calibration of the power generator. A mean power generation of 1,200 kWh/day (max.: 1,803 kWh/day) was yielded during October, a month during which the amount of biogas was small along small organic loads. The mean daily power generation was equivalent to about 7% of the power consumption at the entire sludge recovery plant. All in all, a stable methane fermentation performance was attained and the biogas was effectively converted into electric power. Figure 2 Changes in the methane fermentation tank temperature and the bio-gas production rate after startup of operation Table 2 shows the treatment efficiency of post-treatment in October, during which there was stable methane fermentation. The characteristics of the activated sludge raw water were calculated from the water quality and flow rate of the separated effluent water from the night soil sludge and sludge extracted, as well as the same from the recycle flow of methane fermentation. The activated sludge raw water contained 1,015 mg/L of SS, 499 mg/L of BOD, 195 mg/L of NH 4 -N and 13 mg/L of PO 4 -P. As for the proportion of constituents from the return water, there was 1.6% of SS, 9.6% of BOD, 9.5% of NH 4 -N and 4.6% of PO 4 -P. The activated sludge process, which included high-load night soil treatment by membrane filtration, was operable under conditions of an MLSS of 11,000-14,000 mg/L (in aeration tank) and a temperature range of 32-36°C, and no rate determining was necessary for the nitrification reaction. However, the BOD/NH 4 -N ratio in the activated sludge raw water, which was 2.87 for the case of no recycle flow from the Figure 4 Monthly changes in the VTS, generated gas and power generated by the gas methane fermentation, dropped to 2.56 due to the recycle flow. Consequently, there was a tendency for the methanol dosage in the secondary denitrification tank to increase, compared to the case where there was no recycle flow. The quality of the effluent from the activated sludge process was favorable with less than 1 mg/L of BOD, 2 mg/L of NH 4 -N, 9.4 mg/L of NO x -N and 0.3 mg/L of SS. Conclusions 1. Stable treatment results were attained in thermophilic methane fermentation of night soil sludge and domestic kitchen waste. The generated biogas was converted into electric power and used effectively. 2. There was a tendency for the BOD/NH 4 -N ratio in the activated sludge raw water to drop, due to the recycle flow from the methane fermentation, as compared to the case where there was no recycle flow. However, the quality of the effluent was satisfactory. 
